We investigate the R symmetries of standard-like superstring models. At the level of the cubic superpotential there are three global U(1) R symmetries. These are broken explicitly by N > 3 terms in the superpotential and spontaneously by scalar VEVs necessary to preserve supersymmetry at M P . A Z 2 discrete symmetry remains but is equivalent to fermion number modulo 2. These models possess an effective R parity which arises from the interplay between the gauged U(1) B−L and U(1)
Introduction
Supersymmetric extensions of the Standard Model (SM), whatever their origin, may contain dangerous terms which violate baryon number (B) and lepton number (L) at unacceptably large rates. This is because, contrary to the SM case, in these models the SM gauge symmetry does not result in accidental (global) B and L symmetries. For example, the superpotential of the minimally supersymmetric Standard Model (MSSM) may contain (dimension four) terms like [1, 2] 
where i, j, k are generation indices. The first two operators induce an unacceptably large proton decay rate unless c 1 c 2 < 10 −26 [2] (for squark and slepton masses of at most a TeV). The third operator induces L violating rare events such as µ → e + e − e + unless c 3 is sufficiently suppressed [3] . It is difficult to explain such small couplings without resorting to a symmetry that protects them. An elegant way of obtaining such small (or vanishing) couplings is to impose an R parity on the model [1, 2] . This is a Z 2 symmetry which does not commute with supersymmetry (SUSY) and under which the superfields have the following charges: Q i , L i , u i , d i , e i (and N i , the right-handed neutrino if it exists) all have −1 (odd), H 1 , H 2 and the vector superfields have +1 (even). In other words, under R parity all SM states are even whereas all their superpartners are odd. R parity, as defined above, eliminates the dangerous terms in Eq. (1) without affecting the usual terms in the MSSM Lagrangian.
The above considerations hold not only for MSSM but for any supersymmetric extension of the SM. In particular, any superstring model which reduces to MSSM or some extension of it at the TeV scale must somehow suppress the terms in Eq. (1) enough so that constraints from B and L violation are satisfied. In this letter, we examine the R parity in standard-like superstring models [4, 5] . We find that there are three continous U(1) R symmetries at the cubic level of the superpotential.
These are broken explicitly by higher order (N > 3) terms in the superpotential and spontaneously by the scalar VEVs which are necessary in order to preserve SUSY around the Planck scale. Then, only a discrete Z 2 subgroup of the three U(1)'s survive. We find that this Z 2 is not the R parity usually assumed in MSSM and does not eliminate any of the terms in Eq. (1). In fact, it is equivalent to fermion number modulo 2. On the other hand, standard-like superstring models possess an effective R parity which arises from the particular charges of observable and hidden sector states under gauged U(1) B−L and U(1) rj+3 .
The standard-like superstring models that we consider have the following properties [4, 5] :
3. Three generations of chiral fermions and their superpartners, with the cor-
4. Higgs doublets that can produce realistic electro-weak symmetry breaking.
5. Anomaly cancellation, apart from a single "anomalous" U(1) which is canceled by application of the Dine-Seiberg-Witten (DSW) mechanism [6] .
The standard-like superstring models are constructed in the four dimensional free fermionic formulation [7] . The models are generated by a basis of eight boundary condition vectors for all world-sheet fermions [4, 5] . The observable and hidden gauge groups after application of the generalized GSO projections
respectively. The weak hypercharge is given by
L and has the standard SO(10) embedding. The orthogonal combination is given by
The models have six right-handed gauge U(1) r symmetries which correspond to the right-handed world-sheet currentsη jηj * (j=1,2,3) andȳ 3ȳ6 ,ȳ 1ω5 ,ω 2ω4 . At * U (1) C = the level of the cubic superpotential, there is a left-handed global U(1) ℓ symmetry for every right-handed gauge U(1) r . The six left-handed global symmetries correspond to the left-handed world-sheet currents χ 12 , χ 34 , χ 56 and y 3 y 6 , y 1 ω 5 , ω 2 ω 4 .
We concentrate on the first three of these since their sum gives the U(1) of the N = 2 world-sheet SUSY [8] algebra which means that χ 12 , χ 34 , χ 56 are SUSY charges. This can also be seen from the basis vector S
S plays the part of the SUSY generator in the sense that the SUSY partners of the states from any sector α are given by the sector S + α. The three χ ij 's make up the SUSY generator S. Therefore different (scalar or fermionic) components of superfields will have different Q ℓi (i = 1, 2, 3) charges exactly as for R symmetries.
We will see that the world-sheet currents χ 12 , χ 34 , χ 56 correspond to space-time global U(1) R symmetries at the cubic level of the superpotential. Of course, due to a well-known theorem [9] , there are no continous global symmetries in strings.
These global U(1) R symmetries are broken explicitly by N > 3 terms in the superpotential and spontaneously by scalar VEVs required by the stability of the SUSY vacuum near the Planck mass. As a result there remains only a Z 2 subgroup (R parity of the model) which is equivalent to fermion number modulo 2.
A generic standard-like superstring model including the complete massless spectrum with the gauge quantum numbers and the cubic superpotential were presented in Ref. [4] and will not be repeated here. We use the notation of Ref. [4] throughout this letter. The massless states with their R charges given by U (1) (c) The Neveu-Shwarz sector gives the graviton, the dilaton, the antisymmetric tensor and the gauge bosons of the model all with vanishing R charges. In addition this sector gives the weak doublets h 1,2,3 and the singlets Φ 23 , Φ 13 , Φ 12 and ξ 1 , ξ 2 , ξ 3 with the R charges:
and all other charges vanish. The supersymmetric partners of these are obtained by substituting the degenerate vacuum of the S sector instead of the Neveu-Shwarz vacuum. The superpartners of the graviton, the dilaton, the antisymmetric tensor and the gauge bosons have Q ℓ1 = Q ℓ2 = Q ℓ3 = 1/2. The superpartners of other Neveu-Shwarz states with
The barred conterparts of the above states (in the notation of Ref. [4] ) have the same U(1) ℓi charges as the unbarred states. In addition there are hidden sector states from sectors b i + 2γ and b 1,2 + b 3 + α ± γ + (I) which have nonzero Q ℓi [4, 5] .
None of the results we obtain change if these states are taken into account and therefore we will neglect them in the following.
We see that the states of the model and their superpartners have different charges under the three R symmetries. This is expected since the particles and their SUSY counterparts appear in the same superfields and the superspace parameter θ carries R charges. We find the R charges of θ to be Q ℓ1 = Q ℓ2 = Q ℓ3 = 1/2 by inspecting the difference between the R charges of the different components of superfields. The cubic superpotential is obtained by calculating the cubic world-
using the rules of Ref. [8] and is given in Ref. [4] . 
on the F terms obtained at the cubic level. These are seen, at the field theory level, as symmetries of the cubic superpotential. Since there are no gauge bosons corresponding to these symmetries in the massless spectrum, Q ℓi are global symmetries.
(The corresponding gauge bosons are necessarily projected out by the generalized GSO projection in order to get N = 1 space-time SUSY.)
We now show that the three U(1) R symmetries are explicitly and spontaneously broken. The R symmetries are broken explicitly by N > 3 nonrenormalizable contributions to the superpotential. These terms are obtained by calculating correlators between vertex operators [8] A
The nonvanishing terms are obtained by applying the rules of Ref. [8] . In order to obtain the correct ghost charge, for an order N term, N − 3 vertex operators are picture changed by taking
where T F is the world-sheet super current given by
with T −1 
where
(y i ω i + iy j ω j ) and e iχ ij 
which break Q ℓ1 and Q ℓ2 explicitly. Q ℓ3 is explicitly broken by the leptoquarkquark mixing term [12] 
As stated above, the massless sector of the model has an anomalous U(1) gauge symmetry, U(1) A . This anomaly is cancelled by a Green-Shwarz counterterm which induces a Fayet-Iliopoulos term into the D constraints for U(1) A [6] . The set of F and D constraints is given by the following equations: After the three U(1) R symmetries are broken explicitly and spontaneously, there still remains a discrete R symmetry in the model. This is a Z 2 subgroup (of U(1) 3 ), i.e. an R parity. Charges of states under this R parity are given by exp(iπQ R ) where Q R = 2 Q ℓ1 + Q ℓ2 + Q ℓ3 . The Z 2 charge defined this way is invariant under picture changing since every picture changing operation changes the sum by one and Q R by two. Q R is not broken spontaneously either since all SO(10) singlet scalars which get VEVs have Q R = 0, 2. We find that under this Z 2 all superfields are even and θ is odd. As a result, all scalars are even and all fermions are odd. This is equivalent to fermion number modulo 2 and therefore does not give any new constraints on the model. In particular this Z 2 symmetry which is not the usual R parity (under which matter fermions are even) does not eliminate the dangerous terms in Eq. (1).
In light of this result, how can the terms in Eq. terms which can induce these operators by scalar VEVs exist but they are all proportional to Ñ i , the VEVs of the right-handed sneutrinos. Explicitly the nonrenormalizable terms in the superpotential are [10] (
for the (effective dimension four) B violating operators. L violating operators have the same generic form and will not be written explicitly. Now, one might think that, in these models, since B − L is gauged, as long as it is not spontaneously broken by Ñ i the dangerous terms in Eq. (1) In these models, they get masses of 10 17 GeV from the cubic superpotential [4] .)
Therefore, even though gauged B − L can be broken by hidden sector VEVs, the terms in Eq. to matter fermions and/or large enough masses. A more detailed study shows that B violation arising from the sources mentioned above can be suppressed sufficiently in standard-like superstring models so that constraints from proton lifetime are satisfied [14] .
Arguments similar to the ones used in this letter can also be applied to the other global symmetries of the cubic superpotential. For example, in the model under consideration, the left-handed world-sheet currents y 3 y 6 , y 1 ω 5 , ω 2 ω 4 give three other global U(1) symmetries of the cubic superpotential. These too are broken explicitly by N > 3 terms and spontaneously by the scalar VEVs and may lead to discrete symmetries. In addition, string selection rules together with the specific charges of massless states may result in discrete symmetries which are not subgroups of continous global symmetries.
